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A high energy gamma camera using a multiple hole collimator
and PSPMT ~
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Abstract

A high energy gamma camera using a parallel hole iangsien collimator and & 762 cm square Posifion Sensitive
Photomultiplier Tube (PSPMT) has been assembled and tested. The measured energy resolution s 12-20% FWHM for iy
{62 ke ) gamma rays, and 17-23% FWHM for “'Co {122 ke The measured spatinl resohuition measured s 2.5-3.2 mm
for 122 keV and 3.4=53 mm for 6632 ke, The varaton in ibe encrgy and spatial resolwiion is due 1o the confinuously
varying gain across the PSPMT. Measured energy specira and images ablained are presented.

1. lniroduciion

Portable gamma cameras capable of imaging high en-
ergy gammi rays (1-2 MeWD are of interest in a variety of
industrial setiings. A second gensration gamma camera
design which improves upon the efficiency of our single
aperture camera [1] i= presented here, The camera uses a 3
in. square  Position Sessitive  Fhotomultiplier  Tube
(PEPMT 1 { Hamamatsw, B-2487-050 [2] coupled tra Mal{TI}
scintillator. The incoming gamma roy direction is deter-
mined by a segmented collimator [3). The combinaiion
gives rise o & compact and vel efficient gamma camera
copable of imagiog bigh esergy gamma felds. PAPMTs
have recently been exiensively used for mmaging gamma
ravs of substanially lower energics [4-9] In an effort 1o
image higher enerpy gamma rays, a pinhole collimator
with a segmented scinfillator afached in the PSPMT was
presented in Ref. [10] In this work we explore using
PSPMTs to image high energy pamma rays using a mulb-
ple hole collimalor.

L, Camern design

The assembled camera fwithout shielding} is shown in
Fig. 1. The PEPMT, preamplifier circuil, and scintillator
are munled within o hordered alaminium box. This com-
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Pt unid is conmected b the compater through the Erigger
ad peak detecton circuiiry board.

21 Coliimaror

A segmented collimaior with oylindrical boles with
diwrging RS % :rnpll;r}'nd o determine the directionalily
of the source distributions, The primary interest in devel-
oging this camera 5 0 image radioactivity distribations
invelving high energy gamma rays over large fields of
view. With this application in mind, & segmenied collima-
10Or Was d-:s'ignﬁl with fields of view [rom adjacent boles
that overlap only & infinity (neglecling sepial penetration).
In o realistic case, due 1o increasing penelradon ab kigher
cergics, ibe distance at which ihe ficlds of views overlap
decreases with increasing esergy of the gamma rays o be
imaped

This collimator has the dissdvaniage of dead areas {i.e.,
areas in the sowrce plane which will not be seen in e
imige plane) when the source disiribution is close o0 the
collimsaior face, However, this dead area rapidly decreases
s the source-collimatr distance 1% increased [3)].

22 Seimtillaeor

The scintillater chosen for this camera was a 7.5 cm =
75 em¥ 1 cm block of MaliTIE howsed in a machined
alumininm can with a (L 2-mm thick entrance window. All
the inner faces of 1he scinfillator, excepl the exil window,
are cowered with a black, light absorbing coating o pre-
went light spreading The iveraction efficiency within ihe
seintillator increases ns the detector thickpess = ancreased.
Howewver, the light spread, due fo ihe isoirapic emission of
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Fig. 1. Fhaotograph of the Righ cnergy gamma camena.

photons from the point of gamma ray interscton, akso
increases witl increasing thickness of the scintillator, This
spreading beads io broader illumination of the anode crossed
wires of the PEPMT. While the centroid of the response
remains the same, an increased respomse will be seen from
surrounding locations leading o images of lower contrast,
Frosn Monte Carlo siadies, a mﬂnpmis: detector thick-
ness of 1 cm was chosen. Al this thicksess the Nal(T1)
detector as a 1otal mteraction efficiency of = 99% for
122 keV and = 25% for 662 ke The full-cocegy imerse-
tion efficiencies are muoch lower (= 95% and &% for 122
keV and 662 ke respectively} than the todal interaction
efficicncies. At higher cnergies, efficiencaes of the scineil-

Lator decrease, The overall efficiency is signiﬁl_’nnll}' high::r
than ihat displayed by the single shutber first gencratson
camsra by wirtue of the rn|.1|1'ip|u apertures. A anfu'rqrd
refinement which makes use of pixclated detectors instead
of a single slab of detecior s deseribed in Bef. [11].

23 Electromics

A block diagram of the sysiem configuration is given in
Frg. 20 A Trigger and Peak detection board was fabricated
which enabled the peak valuees (above a noise threshold) of
the four outputs of the PSFMT to be sampled. The sum of
these outputs was treated as the trigger palse for the
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Fig. 2. Block dingram of the high cnemgy pamens carsera.

V. IMAGIMG
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Fig 3. ||1'|j;_{q_- civtgined from a hbre opie cable becaled al vaswows posilsons alosg the Tace of the ke

Analag 1w Digial Convener (ADCE The ADC is con- the imleractinon posiim and the epergy deposited by exch
trolled using an |BM 486-D0X PC and the digiized values cvent.

af the four sigaals from the PSPMT were stored in the PC

Radiarion Momitoring Devices (EMD} has fabricaled a

commerctally available board which alse performs the 3. P5PMT characterization
ahove functions [120 The raw data files were Iater trans-
ferred e a SUMN workstation and were poslprocessed foo e PSPMT was charscierized by moving o fibre optic

cable, | mm m diameter. across the face of the tube, The
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Fig 4.~ Ca speciruim meksured a1 pae positkn Fig. 5 Wanstoa in sensilivity across the PSPMT.
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Flg. 6, Spanal resalution of the camera al 122 eV

optic cable was illuminated by a green LED. The fibre
opike Cable was bocated &1 warous ponls along o Y@
cqually spaced prid, The response from the tube is shown
in Fig. 3 and shoows a characterisiic pon-unlform response
ol 1he tube. Two factors 10 be accountexd for when imn|__r|in|_1
with a PAPMT are the non-linear PSPMT response and
cdge compression ellect. The twbe displayed pood limearity
cver most of the ares of the photocathode (60 mm = 35
mm) a&nd showed non-lisearity al peripheral  regions,
Knowing the response of the wubs o LED sources located
at varlows known poditions an offsel correction
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Fig. 8 "'Cs spectrem meeasured ab one position,

where r,, and r o are obtained from the LED calibra-
fion, was performed to calibrabe interaction position of the
tuhe response. The edge compression effect refers o the
peripheral aren where two interoction positions vield the
same whe owtpul. A method soggested for treating this

problem can be found in Ref, [6]

4, Camera performance
4.4, Low paerm

Using a | mm collimated “'Co (122 keV) sousce, the
energy spectrum recorded by the gamma camera al the

F'-F' T Uncarrected Image of a grnd of {-f.':l poant saurges, logated 1.0 em apart.
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Frg. % Uinooreciad image of a gred of 'I.':_"- point saupees, located 107 ¢m apand

center of the labe is shown m Fig. 4. The full energy peak
shows a resclulion between 7% apd 23% FWHM. The
gain of the PSPMT varies across s entire Face. By moving
the same collimated source, the gain variation of the wbe
along the X and ¥ directions was found 1o wary as shown
in Fig. 5. The vamalion in the gain is non-inluitive along
bath & amd ¥ directions. The spatial response in the X
darecton was between 28 mm and 3.2 mm & shown o
FiJ__l 5} leing the Enram -:..:nn'ili'.-'il}_ A window was set
around the full cnergy peak of *'Co and vielded the image
shimwm m Fig. 7. This mmage was obtamex] using a collima-

Table 1
Measared performnasce paramelers o the camera

oy with a bole diameter of 1.1 cm and a hole sepamtion of
1.0 ¢,

a2 Medium energy

For a ""'Cs (662 keV) source, the messured ene Ty
spectrum al the center is shown in Fig. § with an enerpy
resolution of 12% FWHM. An image obtained using poan
08 wources = shown in Fig. 9, Thas image was ohtained
using a collimatar with a hole diameter of 0.36 cm and &
hole separation of 107 con. Comparing 10 Fig. 7, made tha
a greafer pumber of pixels close @0 the sounce location o

This cansera
T3 cm = VA cm % 1 om NalTI)

Bare detecior
T cm 76 cm WallT)

Spatial Emscr 2y IRE i Encrpy Isirinss
reslution resation efficiency nisodution efficiency
{mm} (% W EIM ) (% FWEINM) %)

122 ke 2u 176 15 1K}

6452 kil 54 IZ4 7 24
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dasplay a higher imensity, This i due to the larger diame-
ter of the holes and higher energy of ihe gamma rays
imaged.

&, Conclusions

A gamma camera was fabricated using NaliTl) crysial
aml PSPMT and tested ot 122 keV and 662 ke, The
camera parameters messured af the cember are summarzsd
in Tabde 1. We are currenily investigating ways b improve
these walues, handle the dead areas, and accoomt for the
edge compression effects lor unknomem ml.lll;ipl: ENETEY and
spatially extended sources.
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